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CLAIMS 

What is claimed is: 



1 

2 



1 • A method for determining the free energy of binding of a potential ligand to a 
receptor, comprising the steps of: 

3 ° b,ainin 8- fo '^''of,woormoreac t ualrec e p«„rHg m d S ,a. 1 eas.o„ e „fas« 1 c to = 

4 and a fee energy of binding 1o said rcceptor> such ^ ^ ^ ^ ^ ^ ^ 

5 -^'""S^haaaknownsttnctureandaknownfteeenergyofbinding.osaidrecep.or 

6 0nentin8Saidsm ^°f-d'«o„rmoreacn 1 airecep,„rUgand s f„ rmaximura 

7 geometric coincidence with each other; 

8 determining an electrostatic potential at each of more than one point on a van der 

9 Waals surface of each of said actual receptor ligands; 

10 thereafter, mapping each of said electronic potentials of each of said actual 

11 receptor ligands onto a geometric surface of one of said two or more actual receptor 

12 hgands, each of said two or more actual receptor Uganda being thereby described by an 

13 tdenttcal surface geometry but a different electrostatic potential surface, and each of said 

14 *'«<™«icpo.e„„alsb^ 

1 5 potentials to said geometric surface; 

16 thereafter, inputting said electrostatic potentials, said positional information, and 

17 saad known free energy of binding of one of said two or more actual receptor ligands into 

18 a neural network; 

19 thereafter, training said neural network until said neural network predicts said free 

20 energy of binding of said one of said two or more actual receptor ligands; 

2 1 .^repeating said steps of inputting and training for each of the remaining said two or 

22 more-actual receptor ligands to produce a trained network; 

23 Aere ^ er ' det ennirungapotentiaIligandeIectrostaticpotenti 

24 one point on a van der Waals surface of said potential ligand, said potential ligand having 

25 a known structure and an unknown free energy of binding to said receptor; 
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26 



orientingsaidstruc^^ 

27 with said structures of said two or more actual receptor ligands; 

28 thereafter ' ma PP^^ 

29 ^eometricsurfaceofoneofsaidtwoormoreacmalreceptorligands,saidpotentialligand 

30 having a surface geometry identical to that of said two or more actual receptor ligands, but 

31 a different electrostatic potential surface, and each of said electrostatic potentials of said 

32 potential ligand being described by positional information relating said eiectrostatic 

33 potentials to said geometric surface; 

34 thereafter, inputting said electrostatic potentials and said positional information of 

35 said electrostatic potentials of said potential ligand into said trained network; and 

36 using said trained network to calculate a free energy of binding of said potential 
3 7 1 igand to said receptor. 

1 2. A method for determining the free energy of binding of a potential ligand to a- 

2 receptor, comprising the steps of: 

3 obtaining a structure for said potential ligand; 

4 orienting structures of two or more actual receptor ligands for said receptor for 

5 maximum geometric coincidence with each other; 

6 each of said two or more actual receptor ligands having a known structure and a 

7 known free energy of binding to said receptor; 

8 determining an electrostatic potential at each of more than one point on a van der 

9 Waals surface of each of said actual receptor ligands; 

10 thereafter, mapping each of said electrostatic potentials of each of said actual 

1 1 receptor ligands onto a geometric surface of one of said two or more actual receptor 

12 ligands, each of said two or more actual receptor ligands being thereby described by an 

13 identical surface geometry but a different electrostatic potential surface, and each of said 

14 electrostatic potentials being described by positional information relating said electrostatic 

15 potentials to said geometric surface; 
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l" said kn T' inPUni " e e ' eC,r0S,a ' iC P0 ' emia,S - ~ and 

:« :::r:^ 

20 ene traini " 8 ^ * — 1 ^ -id free 

20 -Syofb.nd.ngofsaidoneofsaid.woormoreacm^ep.orligand, 
repeating said s,ep S of inputting a„ d ^ for each rf ^ ^ 

22 more actual receptor ligands «o produce a, rained network- 

23 .hereafter, defining an potential iigand elec.ros.atic po.en.ia, a. eaeh of more 

^---navanderWaaissnrfaceof.idpo.en.ia.Hgand.aid^n.ia.Hgan 
25 having an unknown free energy of binding to said reeep.or 

27 wtth satd structures of said two or more actual receptor ligands; 

thereafter.mappingeaehofsaidelechosBtie^.ennaisofsaidpo.en.ialhgandon.o 

30 ^ g a S u rf ac.ge. m ^ i de„ ticaltotoof ^^ ormoreactiialrecei)tor 

31 a d lff ere„. e,e«ros.atic potential surface, and each of said dec.ros.atic po.en.iais of said 

32 po.en.tai hgand being described bv positional information relating said elec.os.tic 
J«i Potentials to said geometric surface; 

34 ^-^P^ngsaide^tic^tentialaandsaidpositionaluu-om.tionof 
sard ecstatic potentials of said potential ligand in.o said .rained network- and 

36 ^^^«Jnerwork.„caIcuIa,eafteeenerg y ofbinding„fsaidpo,ential 

37 Iigand to said receptor. 

1 3. A computer readable medium, comprising: 

2 computer-readable information; 
. : said information capable of interacting with a computer to produce an output; 
- - said output being a calculated free energy of binding of a potential ligand to a 

5 receptor; 

6 said output being calculated by: 
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orienting structures of said two or more actual receptor ligands for 
maximum geometric coincidence with each other; 

each of said two or more actual receptor ligands having a known structure 
and a known free energy of binding to said receptor; 

determining an electrostatic potential at each of more than one point on a 
van der Waals surface of each of said actual receptor ligands; 

thereafter, mapping each of said electrostatic potentials of each of said 
actual receptor ligands onto a geometric surface of one of said two or more actual 
receptor ligands, each of said two or more actual receptor ligands being thereby 
described by an identical surface geometry but a different electrostatic potential 
surface, and each of said electrostatic potentials being described by positional 
information relating said electrostatic potentials to said geometric surface; 

thereafter,inputtingsaid electrostatic potentials, said positional information,- 
and said known free energy of binding of one of said two or more actual receptor 
ligands into a neural network; 

thereafter, training said neural network until said neural network predicts 
said free energy of binding of said one of said two ormore actual receptor ligands; 

repeating said steps of inputting and training for each of the remaining said 
two or more actual receptor ligands to produce a trained network; 

thereafter, determining an potential ligand electrostatic potential at each of 
more than one point on a van der Waals surface of said potential ligand, said 
potential ligand having a known structure and an unknown free energy of binding 
to said receptor; 

orienting said structure of said potential ligand for maximum geometric . 
■ coincidence with said structures of said two or more actual receptor ligands; 

thereafter, mapping each of said electrostatic potentials of said potential 
ligand onto a geometric surface of one of said two or more actual receptor ligands, 
said potential ligand having a surface geometry identical to that of said two or more 
actual receptor ligands, but a different electrostatic potential surface, and each of 
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said electrostatic potentials of said po.en.ia. ligand being described by position, 
tnformatton relating said elec.rosu.ic potentials ,o said ge„ m e.ric surface- 
■hereafter, i„ putIin g said eleclrostatic ^ ^ 

mfonnationofsaidelectros.atiepotentialsofsaidpo.entialligattdintosaiduained 
40 network; and 

« ".ins said tiained network to calculate a free energy of binding of said 

42 potential ligand to said receptor. 

4. A method for determining a free energy of binding of a potential transition-state 
inhibitor to an enzyme, comprising the steps of: 

obtaining, for each of two or more enzyme substrates or inhibitors, at least one of 

astructureandafreeenergyofbindingtosaidenzym^suchmateachofsaidtwoormore 
enzyme substrates or inhibitors has a known structure and a known free energy of binding 



1 

2 
3 
4 
5 

6 to said enzyme; 

7 orienting said structures of said two or more enzyme substrates or inhibitors for 

8 maximum geometric coincidence with each other- 
determining an electrostatic potential at each of more than one point on a van der 



9 

10 Waals surface of each of said enzyme substrates or inhibitors; 

1 1 thereafter, mapping each of said electrostatic potentials of each of said enzyme 

12 substrates or inhibitors onto a geometric surface of a transition state inhibitor, each of said 

13 enzyme substrates or inhibitors being thereby described by an identical surface geometry 

14 ^tadi£rerentelectrostaticpotentialsurface,andeachof 

15 described by positional information relating said electrostatic potentials to said geometric 

16 surface of said transition state inhibitor, 

17 thereafter, inputting said electrostatic potentials, said positional information, and 

18 said-known free energy of binding of one of said two or more enzyme substrates or 

19 inhibitors into a neural network; 

20 thereafter, training said neural network until said neural network predicts said free 

21 energy of binding of said one of said two or more enzyme substrates or inhibitors; 
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22 repeating said steps of inputting and training for each of the remaining said two or 

23 more enzyme substrates or inhibitors to produce a trained network; 

24 thereafter, determining an potential transition electrostatic potential at each of more 

25 than one point on a van der Waals surface of said potential transition-state inhibitor said 

26 potential transition-state inhibitor having a known structure and an unknown free energy 

27 of binding to said enzyme; 

28 orienting said structure of said potential transition-state inhibitor for maximum 

29 geometric coincidence with said structures of said two or more enzyme substrates or 

30 inhibitors; 

3 1 thereafter, mapping each of said electrostatic potentials of said potential transition- 

32 state inhibitor onto a geometric surface of one of said two or more two or more enzyme 

33 substrates or inhibitors, such that said potential transition-state inhibitor has a surface 

34 geometry identical to that of said two or more actual receptor transition-state inhibitors, but 

35 a different electrostatic potential surface, and each of said electrostatic potentials of said 

36 potential transition-state inhibitor is described by positional information relating said 

37 electrostatic potentials to said geometric surface of said two or more enzyme substrates or 

38 inhibitors; 

39 thereafter, inputting said electrostatic potentials and said positional information of 

40 said electrostatic potentials of said potential transition-state inhibitor into said trained 

41 network; and 

42 using said trained network to calculate a free energy of binding of said potential 

43 transition-state inhibitor to said enzyme. 

1 5. A method for determining the free energy of binding of a potential transition- 

2 state inhibitor to a enzyme, comprising the steps of: 

3 obtaining a structure for said potential transition-state inhibitor; 

4 orienting structures of two or more enzyme substrates or inhibitors for said enzyme 

5 for maximum geometric coincidence with each other; 

6 each of said two or more enzyme substrates or inhibitors having a known structure 

7 and a known free energy of binding to said enzyme; 
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8 determining an electronic potential at each of more than one point 0 „ , van der 

9 Waals surface of each of said enzyme substrates or inhibitors; 



.hereafter, mapping each of said electrostatic potentials of each of said enzyme 
substrates or inhibitors onto a geometric surface of one of said two or more enzyme 

U substrates or inhibitors, each of said two or more enzyme substrates or inhibitors being 

3 thereby described by an identical surface geometry bu, a different electrostatic potential 

4 surface, and eachof said electrostatic potentials being described by positional information 

15 relating said electrostatic potentials to said geometric surface; 

16 .hereafter, inputting said electrostatic potentials, said 'positional information, and 

17 said known free energy of binding of one of said two or more enzyme substrates or 

18 inhibitors into a neural network; 

19 . thereafter, training said neural network until said neural network predicts said free 

20 energy of binding of said one of said two or more enzyme substrates or inhibitors; 

21 repeating said steps of inputting and training for each of the remaining said two or 

22 more enzyme substrates or inhibitors to produce a trained network; 

23 thereafter, determining an potential transition-state inhibitor electrostatic potential 

24 at each of more than one point on a van der Waals surface of said potential transition-state 

25 inhibitor,saidpotentialtramition-stateinhibitorhavinganu^^ 

26 to said enzyme; 

27 orienting said structure of said potential transition-state inhibitor for maximum 

28 geometric coincidence with said structures of said two or more enzyme substrates or 

29 inhibitors; 

30 thereafter, mapping each of said electrostatic potentials of said potential transition- 

31 state inhibitor onto a geometric surface of one of said two or more enzyme substrates or 

32 inhibitors, said potential transition-state inhibitor having a surface geometry identical to 

33 that" of said two or more enzyme substrates or inhibitors, but a different electrostatic 

34 potential surface, and each of said electrostatic potentials of said potential transition-state 

35 inhibitor being described by positional information relating said electrostatic potentials to 

36 said geometric surface; 
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thereafter, inputting said electrostatic potentials and said positional information of 
sa,d electrostatic potentials of said potential transition-state inhibitor into said trained 

39 network; and 

40 using said trained network to calculate a free energy of binding of said potential 

41 transition-state inhibitor to said enzyme. 

1 6. A computer readable medium, comprising: 

2 computer-readable information; 

3 said information capable of interacting with a computer to produce an output; 
said output being a calculated free energy of binding of a potential transition-state 



7 
8 
9 
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4 

- 5 inhibitor to a enzyme; 
6 said output being calculated by: 

orienting structures of said two or more actual receptor ligands for 
8 maximum geometric coincidence with each other; 

each of said two or more actual ligands having a known structure and a 
10 known free energy of binding to said enzyme; 

determining an electrostatic potential at each of more than one point on a 

12 van der Waals surface of each of said enzyme substrates or inhibitors; 

13 thereafter, mapping each of said electrostatic potentials of each of said 
enzyme substrates or inhibitors onto a geometric surface of one of said two or more 
enzyme substrates or inhibitors, each of said two or more enzyme substrates or 
inhibitors being thereby described by an identical surface geometry but a different 
electrostatic potential surface, and each of said electrostatic potentials being 
described by positional information relating said electrostatic potentials to said 

19 geometric surface; 

20 _ thereafter, inputting said electrostaticpotentials.saidpositionalinformation, 

21 -"and said known free energy of binding of one of said two or more enzyme 

22 substrates or inhibitors into a neural network; 
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repeating ^ steps ofinputting and training for each ofthe remaining said 



two or more enzyme substrates or inhibitors to produce a trained network; 



44 

23 .hereafter, training said neural network until said neura! network predicts 

said free energy of binding of said one of said ,wo or tnore en^me subsua.es or 
" inhibitors; 
26 

27 

28 thereafter, determining an potential transition-state inhibitor electrostatic 

potentialateachofmorethanonepointonavanderWaalssurfaceofsaidpotential 
30 receptor ligand, said potential receptor ligand having a known structure and an 

^1 unknown free energy of binding to said enzyme; 

32 orienting said structure of said potential transition-state inhibitor for 

maximum geometric coincidence with said structures of said two or more enzyme 

34 substrates or inhibitors; 

35 thereafter, mapping each of said electrostatic potentials of said potential 

36 transition-state inhibitor onto a geometric surface of one of said two or more 
enzyme substrates or inhibitors, said potential transition-state inhibitor having a 
surface geometry identical to that of said two or more enzyme substrates or 

39 inhibitors, but a different electrostatic potential surface, and each of said 

40 e,ec * os * tic P°^ti^ 

41 positional information relating said electrostatic potentials to said geometric 

42 surface; 

43 thereafter, inputting said electrostatic potentials and said positional 

44 ^ omationof saideIectrostaticpotentialsofsaid P otential^ 

45 into said trained network; and 

46 using said trained network to calculate a free energy of binding of said 

47 . _ potential transition-state inhibitor to said enzyme. 

1 - 7. A method for determining the free energy of binding of a potential ligand to a 

2 receptor according to claim 1, wherein said neural network is a feed forward network with 

3 back propagation of error that learns with momentum. 
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1 8. A method for dining the free energy „ 

2 receptor according to elaim 2, wherein said neural nerwork b a feed r 7 

0 . , K 1S a teed forward network u/,th 

3 back propagation of error .ha, iea™ wi„ momentum. 

1 stare • 1* me,h0d dettm,ininS freC e " ergy ° f bi " di "8 °f a po.en.ia, lr a„ sition . 
,,e mb.bt.or t0 . ^ accordi „ 8 (o c|ajm 4 _ whera . n ^ on 

forward network wid, back propagadon of error th a. leama with momentum. 

10. A mediod for determining die free eneravnfhmj- » 

2 state inhihi,„ , 8U,eIreeenergy o fbln < 1 'nsofapo.en.ialtransition- 
2 aate tnfcbttor .o a etuyme according ,„ Cain, 5, wherein said neural nerwork is a feed 

forward network with hack propagation of error .ha. leams wid, momentum 

1 1 . A computer readable medium according ,o claim 3, wherein said neural 

I J ' fted f ° mard ~ "* ^ ° f ~ - — Td, 

o momentum. 



2 netw ! Z \ C ° m ^ ar ^ M ° mM ™™°« in *<°«™S.^™«i*r^ 

2 network „ a feed forward nerwork wid, back propagadon of error tha. .eama wid, 

3 momentum. 



1 13. A^odforde.ermimngmeireeenergyofbindingofapoten.ialligand.oa 

2 -oP'-ocording.oclaimT.wheremsaidneu^ne.vorkuseaaleamingm.ebe.veenO;, 
"O^ 5 a™ am °mennm tern, between 0.8 and 0.9. 

1 .4. Amed.odforde.ermimngmefteeenergyofbindingofapoten.ia.ligand.oa 

2 ^p.oraocording.oc.aimS.whereinsaidneuralnenworkuseaaleandngrateherweenO.l 

3 and 0.5 and a momentum term between 0.8 and 0.9. 

1 15. A method for determining the free energy of binding of a potential transition- 

2 state .nhibitor to a enzyme according to claim 9, wherein said neural network uses a 

3 learning rate between 0.1 and 0.5 and a momentum term between 0.8 and 0.9. 

1 16. A method for determining the free energy of binding of a potential transition- 

state mhtbator to a enzyme according to claim 10, wherein said neural network uses a 

3 learning rate between 0.1 and 0.5.and a momentum term between 0.8 and 0 9 
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1 17. A computer readable medium according to claim 1 1, wherein said neural 

2 network uses a learning rate between 0. 1 and 0.5 and a momentum term between 0.8 and 

3 0.9. 

1 18. A computer readable medium according to claim 12, wherein said neural 

2 networkusesalearningratebetweenO.l and 0.5 and a momentum term between 0 8 and 

3 0.9. 
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